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AGITATOR AND DRIVE APPARATUS AND
METHOD

PRIORITY

This application claims priority to the provisional U.S.
patent application entitled, AGITATOR DRIVE APPARA-
TUS AND METHOD, filed Jan. 6, 2003, having a Ser. No.
60/438,008, the disclosure of which is hereby incorporated
by reference.

FIELD OF THE INVENTION

The present invention relates to an agitator drive and gas
injection apparatus and method. More particularly, the
present invention relates to an improved apparatus and
method for injecting or dispersing gas or other fluids into an
agitator or mixer. The invention is useful, for example, in
chemical and biological processes that require the introduc-
tion of gas through the agitator shaft into the agitated liquid.

BACKGROUND OF THE INVENTION

In chemical or biological processes such as waste treat-
ment and Flue Gas Desulphurization, it is common for these
processes to be carried out in a stirred vessel where gas, such
as oXygen or an oxygen containing gas, is injected into the
agitated liquid through a submerged agitator. These afore-
mentioned processes are oftentimes utilized by municipali-
ties and industry to treat waste and to produce chemicals and
chemical byproducts, wherein the process requires the gas to
be introduced to the liquid simultaneously as it is being
agitated. The gas is commonly compressed and/or pressur-
ized gas injected into the agitated liquid through the agitator
drive and agitator via a sparge arrangement.

Current methods and apparatuses for the injection of gas
into an agitated liquid via a submerged agitator require
special construction, including specialized parts and com-
ponents that tend to increase manufacturing and operating
costs while decreasing agitator reliability.

For example, conventional methods for injecting gas into
an agitated liquid involve passing compressed gas through
the drive components of the agitator, including the gear
drive, the agitator or mixer shaft, and the shaft support
bearings and/or flexible couplings.

Current agitator drive/gas injection technology typically
includes a large compressor connected to a rotary joint of the
agitator drive via stationary piping. The compressor gener-
ates compressed gas or air which is usually high in tem-
perature due to the compression, enabling it to overcome the
static head pressure of the liquid column in the agitator shaft
and travel to the delivery points of the sparge arrangement
located on the submerged agitator. The rotary joint is typi-
cally connected to the gear drive of the agitator through a
specialized connection. Because present methods of inject-
ing gas into a liquid entail delivery through the agitator
shaft, the gear drive of the agitator must have a large shaft
bore. This is required to allow sufficient gas flow at mini-
mum pressure drop as well as providing adequate spacing
for placement of insulation and a corrosion resistant liner.
The insulation and liner function to promote adequate ser-
vice life by keeping the bearing and the gear drive lubricants
cool.

Current gas injection apparatuses also include flexible
couplings that connect the agitator shaft to the gear drive
along with specialized bearings for supporting the shaft
which require additional mounting considerations such as
hydraulic nuts that increase the cost of manufacture. The
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specialized bearings must accommodate varying bearing
clearances and tolerances due to shaft temperature change.
In addition, current gas injection apparatuses require use of
a shaft seal to prevent gas in the vapor space of the mixing
vessel from escaping into the atmosphere.

The aforementioned special construction of the current
agitator drive/gas injection apparatuses is due in part to the
elevated temperature of the compressed gas, which often
times reaches temperatures of 250° F. or higher. At these
elevated temperatures, commonly used lubricants for gear
drives, flexible couplings and bearings breakdown more
rapidly, requiring increased maintenance to prevent prema-
ture failure.

For this reason, the components of current gas injection
apparatuses are oversized and the apparatuses are specially
configured and use special lubricants in the seals and cou-
plings along with using insulation and corrosion liners to
accommodate the high gas temperatures. Furthermore, the
drive gear bearings must be oversized, require special
lubrication, maintenance intervals and specialized assembly
settings to accommodate the varying operating clearances
between the bearings and the drive shaft, that result from the
elevated gas temperature.

The present apparatuses also attempt to address the
elevated gas temperatures by cooling the gas prior to deliv-
ering it to the agitator. The gas can be cooled by natural
convection from the distribution piping, it may be cooled by
a specialized cooler. The specialized cooler, however, often-
times requires significant outlays in terms of manufacturing
cost and operating cost.

Accordingly, it is desirable to provide a method and
apparatus for effectuating improved gas injection through an
agitator drive which provides improved agitator reliability
while reducing the need for specialized components and
construction and therefore reducing manufacturing and
operating costs.

SUMMARY OF THE INVENTION

The foregoing needs are met, at least in part, by the
present invention where, in one aspect, an agitator drive
apparatus is provided for use with a mixing vessel having a
first housing and a second housing coupled to the first
housing. The apparatus also has a shaft having a first end and
a second end, wherein the shaft is rotatably coupled to the
first housing and the shaft extends from the first housing into
the second housing. The shaft includes an inner bore that
extends from the second end of the shift at least partially to
the first end of the shaft. The shaft additionally has a
plurality of air ports in communication with the inner bore.
The air ports are positioned on a portion of the shaft that is
disposed within the second housing.

In another aspect of the invention, an agitator drive
apparatus is provided for use with a mixing vessel having a
housing and a sleeve coupled to the housing. The apparatus
includes a shaft having a first end and a second end wherein
the shaft is rotatably coupled to the housing and it extends
from the housing into the sleeve. The shaft includes an inner
bore that extends from the second end of the shaft at least
partially to the first end of the shaft. The shaft additionally
has a plurality of air ports in communication with the inner
bore of the shaft. The air ports are positioned on a portion of
the shaft that is disposed within the sleeve.

In accordance with yet another aspect of the invention, a
method for agitating a fluid and injecting a gas into the fluid
is provided comprising rotating a shaft coupled to a liquid
agitator, the shaft having a first end, a second end and an
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inner bore, wherein the inner bore extends from the second
end at least partially to said first end, the shaft being coupled
to a first housing and extending from the first housing to a
second housing, wherein the shaft includes a plurality of air
ports positioned on a portion of the shaft that is located in the
second housing wherein the air ports are in communication
with the inner bore; and delivering gas to the second housing
so that the gas enters the air ports and the bore.

In accordance with another aspect of the present
invention, an agitator drive apparatus is provided for use
with a mixing vessel having a first housing means and a
second housing means coupled to the first housing means.
The apparatus additionally includes an agitator drive means
having a first end and a second end, wherein the drive means
is rotatably coupled to the first housing means. The agitator
drive means extends from the first housing means into the
second housing means and has an inner bore. The inner bore
extends from the second end of the agitator drive means at
least partially to the first end of the agitator drive means. The
agitator drive means additionally includes air ports posi-
tioned on a portion of the agitator drive means disposed
within the second housing means. The air ports are in
communication with the inner bore.

There has thus been outlined, rather broadly, several
features of the invention in order that the detailed descrip-
tion thereof that follows may be better understood, and in
order that the present contribution to the art may be better
appreciated. There are, of course, additional features of the
invention that will be described below and which will form
the subject matter of the claims appended hereto.

In this respect, before explaining at least one embodiment
of the invention in detail, it is to be understood that the
invention is not limited in its application to the details of
construction and to the arrangements of the components set
forth in the following description or illustrated in the draw-
ings. The invention is capable of other embodiments and of
being practiced and carried out in various ways. Also, it is
to be understood that the phraseology and terminology
employed herein, as well as the abstract, are for the purpose
of description and should not be regarded as limiting.

As such, those skilled in the art will appreciate that the
conception upon which this disclosure is based may readily
be utilized as a basis for the designing of other structures,
methods and systems for carrying out the several purposes
of the present invention. It is important, therefore, that the
claims be regarded as including such equivalent construc-
tions insofar as they do not depart from the spirit and scope
of the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a partial cross-sectional view of an agitator and
gas injection apparatus in accordance with an embodiment
of the present invention.

FIG. 2 is a partial cross-sectional view of an agitator and
gas injection apparatus in accordance with an alternative
embodiment of the present invention.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS OF THE INVENTION

The present invention provides an apparatus for driving a
liquid agitator and injecting gas or air into the agitated
liquid. In the embodiments depicted, the agitator drive
apparatuses are utilized in combination with an industrial
mixer and are shown in a vertical axis typical of top entering
mixers. It should be understood, however, that the present
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invention is not limited in its use to top entering mixers but
can be used, for example, with bottom entering or side
entering mixers.

Referring now to the figures, wherein like reference
numerals indicate like elements, FIG. 1 depicts a partial
cross-sectional view of an agitator drive and gas injection
apparatus 10, in accordance with an embodiment of the
invention. The drive apparatus 10 includes a flexible cou-
pling 12 connected to a spindle shaft/bearing assembly 14
that is connected to a pressure housing 16. The flexible
coupling 12 and spindle shaft bearing assembly 14 are
preferably disposed within the pedestal cover 18 of the
pedestal 20. The spindle shaft/bearing assembly 14 includes
a pair of support bearings 17. The apparatus 10 additionally
includes a shaft 21 that is disposed within the spindle
shaft/bearing assembly 14 and the pressure housing 16. The
shaft 21 includes a first section 22 that is connected to the
coupling 12 and rotatably mounted to the spindle shaft/
bearing assembly 14 via the pair of bearings 17. The first
section 22 extends into the pressure housing 16. The shaft 21
also includes a second section 24 that is disposed within the
pressure housing 16 and extends from the housing 16 into
the mixer vessel 26. The second section 24 has an inner bore
27 that preferably extends the length of the second portion
for the transfer and delivery of gas or air to a sparge
arrangement located on the liquid agitator (not pictured) that
is connected to the second section 24. Alternatively, the shaft
21 can be a single, unitary piece wherein the inner bore 27
of the shaft 21 extends from the vessel 26 at least partially
vertical towards the coupling 12 and shaft/bearing assembly
14.

The second section 24 of the shaft 21 is disposed within
the pressure housing 16 and extends into the mixing vessel
26 and preferably has a liquid agitator having a sparge
arrangement for gas injection connected thereto. As illus-
trated in FIG. 1, the second section 24 has a plurality or
series of air ports or perforations 25 that allow for the
compressed gas or air to pass from the housing 16 to enter
the inner bore 27 through the perforations 25 and proceed to
the agitator.

As illustrated in FIG. 1, the agitator apparatus 10 also has
an attachment assembly 28 for attaching the apparatus 10 to
the mixing vessel 26. The attachment assembly 28 includes
mounting beams 30 and bellows 32 that attach to the stud
pad 34 of the mixing vessel 26. The bellows 32 are prefer-
ably positioned between the mixing vessel and the housing
16 and reduce the need for close tolerance precision as
required by current agitator designs, and attach the housing
16 to the mixing vessel 26. Alternatively, other embodiments
included in the present invention may be directly attached to
the stud pad 34 of the mixing vessel 26 and not utilize an
attachment assembly 28.

As depicted in FIG. 1, the pressure housing 16 sealingly
couples to the spindle shaft/bearing assembly 14 and the
attachment assembly 28 via commercially available non-
contact seals 33 and flanges 34, 36. The seals 33 are
preferably gas seals. The pressure housing 16 may alterna-
tively use O-rings or other contact sealing means known in
the art. Preferably, the housing 16 has an upper flange 34 that
attaches to the spindle shaft/bearing assembly 14 and a
lower flange 36 that attaches the housing to attachment
assembly 28, however other suitable attachment means
known in the art may be utilized. The housing 16 addition-
ally includes an air inlet 38 that is coupled to the compressed
air source (not pictured), preferably by flange attachment.

The gas seals 33 combine with the pressure housing 16 to
create an annular sealed space around the second section of
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the shaft 21 while also providing a seal between the vessel
26 and the shaft 21. Preferably, use of the pressure housing
16 climinates the need for a separate shaft seal.
Alternatively, a separate shaft seal may be used in combi-
nation with the pressure housing 16. The pressure housing
16 functions to reduce the likelihood of air or gas from the
compressor, leaking into the mixing vessel 26, while reduc-
ing the likelihood of gas contained in the mixing vessel 26
escaping into the atmosphere. The pressure housing also
functions to force the compressed air or gas through the
perforations 25.

During operation, the shaft is rotated, causing the liquid or
material contained in the vessel to be agitated. While the
liquid is being agitated, compressed air or gas is simulta-
neously being provided to the housing 16 via the air inlet 38.
The compressed gas enters the housing 16 and is forced
through the perforations 25 and into the inner bore 27 of the
second shaft section 24. The compressed gas is then deliv-
ered to the sparge arrangement of the submerged agitator as
indicated by the arrows. The compressed gas then proceeds
to the sparge arrangement of the agitator where it is injected
into the liquid.

As illustrated in FIG. 1, the compressed gas travels
through the second section 24 of the shaft 21, bypassing the
gear drive, the shaft support bearings 17 and the coupling 12.
As a result, the support bearings are likely not compromised
by varying operating temperatures and the resulting varying
operating clearances. Furthermore, the likelihood that the
bearings will lose clearance if, for example, high tempera-
ture excursions do occur, is reduced. The above-described
gas pathway will enable bearing selection and spacing to be
optimized for each individual application, reducing bearing
installation cost. In addition, the bearing clearances are
preferably a function of installation procedures and not
dependent upon actual shaft operating temperatures as a
result to the illustrated air pathway allowing bearing use to
be optimized.

Furthermore, lubrication of the gear drive, bearings, etc.
is preferably not compromised due to extreme operating
temperatures, and the use of an oversized, insulated shaft is
likely no longer required. Thus, a greater variety of flexible
couplings can be used along with standard gear drive
designs. In addition, the apparatus 10 no longer requires use
of a rotary joint or a separate shaft seal, reducing manufac-
turing costs.

Thus, standard components of the agitator drive apparatus
10 can accommodate gas delivery to the submerged agitator.
In addition, the gas temperature preferably has little or no
impact on the selection and operation of the aforementioned
drive apparatus 10 components. Therefore, manufacturing
and operating costs are reduced because specialized com-
ponents and parts, including coolers, are not required, while
apparatus 10 reliability is improved.

Referring now to FIG. 2, an agitator drive apparatus 100
in accordance with an alternative embodiment of the present
invention is depicted. The apparatus 100 is similar to the
previously described embodiment, however it includes a gas
sleeve assembly 102 instead of the pressure housing 16 and
it does not utilize the attachment assembly 28. The gas
sleeve assembly 102 seals the shaft 21 and the drive appa-
ratus 100 to the tank, using commercially available gas seals
33 to seal the upper and lower portions of the sleeve
assembly 102. The gas sleeve assembly 102 can be mounted
directly to the stud pad on the vessel 26 or attached via the
attachment assembly 28 as illustrated in FIG. 1.

The gas seals 33 combine with the sleeve assembly 102 to
create an annular sealed space around the shaft 21 while also
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providing a seal between the vessel 26 and the shaft 21.
Preferably, use of the pressure housing 16 eliminates the
need for a separate shaft seal. Alternatively, however, a
separate shaft seal may be used in combination with the
sleeve assembly 102. The sleeve assembly 102 functions to
reduce the likelihood of air or gas from the compressor,
leaking into the mixing vessel 26, while it reduces reducing
the likelihood of gas contained in the mixing vessel 26,
escaping into the atmosphere. It also functions to force the
compressed air or gas through the perforations 285.

Similar to the embodiment described in FIG. 2, the
compressed gas does not pass through the first section 22 of
the shaft 21, bypassing gear drive, the shaft support bearings
17 and the coupling 12. Also, like the embodiment depicted
in FIG. 1, lubrication of the gear drive, bearings, etc. is not
compromised due to extreme temperatures and therefore, an
oversized, insulated shaft may not be required. Thus, bearing
selections may be optimized and standard gear drive designs
utilized along with a variety of flexible coupling types.

Due to the to above-described embodiments illustrated in
FIGS. 1 and 2, the cost of manufacturing and operating of
the agitator drive and gas injection apparatus is reduced.
Gear drives with the minimum sized solid shafts for torque
transmission can now be utilized. In addition, since the drive
components are not subjected to extreme temperatures, the
bearings can be selected based on normal operating tem-
peratures and can be optimized for stiffness and clearance
considerations, increasing reliability and operational life.
Furthermore, couplings which have traditionally required
use of high temperature lubricants to accommodate the
elevated temperatures, can now be replaced with non-
lubricated designs, reducing the agitator shutdown and
maintenance time.

The many features and advantages of the invention are
apparent from the detailed specification, and thus, it is
intended by the appended claims to cover all such features
and advantages of the invention which fall within the true
spirit and scope of the invention. Further, since numerous
modifications and variations will readily occur to those
skilled in the art, it is not desired to limit the invention to the
exact construction and operation illustrated and described,
and accordingly, all suitable modifications and equivalents
may be resorted to, falling within the scope of the invention.

What is claimed is:

1. An agitator drive apparatus for agitating and injecting
gas into a liquid in a mixing vessel, comprising:

a first housing;

a second housing coupled to said first housing;

a shaft having a first end and a second end, wherein said
shaft is rotatably coupled to said first housing and said
shaft extends from said first housing into said second
housing;

a pair of mounting bellows that extend between said
second housing and the mixing vessel, wherein said
pair of mounting bellows attach said second housing to
the mixing vessel,

wherein said shaft has an inner bore extending from said
second end at least partially to said first end and said
shaft has a plurality of air ports positioned on a portion
of said shaft disposed within said second housing,
wherein said air ports are in communication with said
inner bore, and

wherein said second housing comprises a first seal for
providing sealing engagement between said first
housing, said second housing and said shaft and a
second seal for providing sealing engagement between
said second housing, said shaft and the mixing vessel.
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2. The apparatus according to claim 1, wherein said first
seal and second seal are non-contact seals.

3. The apparatus according to claim 2, wherein said
non-contact seals are gas seals.

4. The apparatus according to claim 1, wherein said
second housing comprises an air inlet.

5. The apparatus according to claim 1, wherein said shaft
is rotably coupled to said first housing using at least one
bearing.

6. The apparatus according to claim 1, wherein said shaft
further comprises a first section disposed within said first
housing and a second section coupled to said first section
and disposed within said second housing.

7. The apparatus according to claim 6, wherein said inner
bore is disposed within said second section.

8. A method for agitating a fluid and injecting gas into a
fluid within a mixing vessel, comprising:

rotating a shaft coupled to a liquid agitator, the shaft

having a first end, a second end and an inner bore,
wherein the inner bore extends from the second end at
least partially to said first end, the shaft being coupled
to a first housing and extending from the first housing
to a second housing, wherein the second housing is
coupled to the mixing vessel via bellows, and wherein
the shaft includes a plurality of air ports positioned on
a portion of the shaft located in the second housing,
wherein the air ports are in communication with the
inner bore; and

delivering gas to the second housing so that the gas enters
the air ports and the bore,

wherein said second housing comprises a first seal for
providing sealing engagement between said first

8

housing, said second housing and said shaft and a
second seal for providing sealing engagement between
said second housing, said shaft and the mixing vessel.
9. An agitator drive apparatus for agitating and injecting

5 gas into a liquid in a mixing vessel comprising:
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a first housing means;

a second housing means coupled to said first housing
means;

a pair of mounting bellows that extend between said
second housing means and the mixing vessel, wherein
said pair of mounting bellows attach said second hous-
ing means to the mixing vessel; and

an agitator drive means having a first end and a second
end, wherein said drive means is rotatably coupled to
said first housing means and extends from said first
housing means into said second housing means,

wherein said agitator drive means has an inner bore
extending from the second end at least partially to the
first end and said agitator drive means has a plurality of
air ports positioned on a portion of said agitator drive
means disposed within said second housing means,
wherein the air ports are in communication with the
inner bore,

wherein said second housing means comprises a first seal
for providing sealing engagement between said first
housing means, said second housing and said rotatable
drive means and a second seal for providing sealing
engagement between said second housing means, said
rotatable drive means and the mixing vessel.



